The electrochemical intramolecular cyclisation of bromoalkoxylated derivatives 1 was carried out using Ni(II) complexes as the catalysts in ethanol solutions by constant-current electrolysis in one-compartment cell in the absence of sacrificial anodes as an environmentally friendly system. The reduction of the substrates proceeds via one-electron cleavage of the carbon-bromine bond to form radical-type intermediates that undergo cyclisation to afford cyclic ethers in moderate to good yields.
Introduction
The formation of carbon-carbon bonds by radical cyclisations has become a highly valuable synthetic tool in organic chemistry, in particular for applications in the total synthesis of complex natural products. 1, 2, 3 While organotin reagents used in stoichiometric and over-stoichiometric amounts have dominated synthetic procedures involving radical chemistry over the last decade 2 , problems associated with the product purification, price, and toxicity have stimulated the interest in the development of more user-and environmentally-friendly reagents. In addition to other synthetic methods, a convenient alternative to the tin hydride method to conduct the radical cyclisations can be the indirect electroreductive intramolecular cyclisation catalysed by transition-metal complexes. 4 The furofuran moiety being an important subunit in a wide range of biologically active natural products, 5, 6 the nickel-mediated radical cyclisation has also been applied to the synthesis of substituted tetrahydrofurans. 4 Most of these reported electrochemical cyclisations have been carried out in aprotic organic solvents at controlled-potential electrolysis in divided cell to avoid the anodic oxidation of species generated at the cathode.
These reactions require membranes which should be stable in organic solvents, the use of a supporting electrolyte at a concentration as high as that of the substrate and complex electrochemical apparatus. 7 Hence, most of these restrictions, notably the anolyte-catholyte separation, could be suppressed by the use of consumable anodes made of readily oxidized metal. 8 This process is mainly characterized by its simplicity. At the laboratory scale, at least, a very simple electrical power source is used, making the method accessible at moderate cost. Scaling-up has also been successfully performed. However, during constant current electrolysis, the anodic metal becomes a stoichiometric reagent rather than simply an electrode.
Due to health, safety, and environmental issues the set-up of greener chemistrychemistry that efficiently utilises raw materials, eliminates waste, and avoids the use of toxic and or hazardous solvents and reagents in both products and processes is to be highlighted. The waste problem could be dramatically reduced by replacing methodologies employing stoichiometric reagents. Hence, in a perspective aimed at cleaner and catalytic electrosyntheses, we have explored the scope of cyclisation reactions using electrosyntheses in an undivided cell in the absence of sacrificial anodes.
In the present work, we investigated the catalytic reductive behaviour of ethyl 2- 
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Reagents. Hence, it can be established that an efficient electron-transfer between the electrogenerated Ni(I) complex and the bromoethers 1 occurs, followed by substrate cyclisation, according to Equations 1-4.
Results and discussion

Cyclic voltammetric behavior of [Ni(tmc)]Br 2 in EtOH solutions
In the absence of [Ni(tmc)]
2+
, the bromoethers 1 alone gave a reduction peak at potentials below -1.50 V under the same experimental conditions as it can be seen for bromoether 1c in Figure 1 , curve C.
The reaction occuring at the anode was also explored. The preparative-scale electrolysis of substrates 1 generally consumed 2-4 F/mol of starting material; the reactions were followed by gas chromatography until conversions of 90-100%.
Constant-current electrolyses of [Ni(tmc)]Br
Compounds 2a-2d and isomers 2a'-2d' (see eq. 1-4) were obtained in the different cyclisation reactions and by-products 3a-3d were formed in very low amounts (< 5%) and
were not isolated. The results obtained in these experiments are summarised in Table 1 .
Experimental parameters such as the ratio of bromoethers 1 to catalyst and the influence of nature of the electrodes were examined, to evaluate their effect on the product distribution. Medeiros et al. 15 in EtOH using consumable anodes, in which the intramolecular cyclisation of analogous bromoalkoxylated derivatives led to the corresponding same cyclic ethers.
Next, the influence of the concentration of the catalyst was studied. It was found when the concentration of [Ni(tmc)]Br 2 complex diminished from 20 to 10%, no significant effect on the total yield of the cyclic compounds 2a and 2a' was observed (Table 1, The electrolysis of 1c (Eq. 3) was also carried out using graphite as anode and carbon fiber as the cathode. It was found that the reaction gave rise to the formation of 2c as the major product in 68% ( When the electrolysis of 1d (Eq. 4) was performed with Pt/C as the couple of electrodes, the cyclic compounds 2d and 2d' were obtained in a total yield of 74% and a 69:31 relative ratio ( can be observed that the total yields and the selectivities of the cyclic compounds are similar.
Hence, it seems that the reaction can be performed using graphite or platinum as the anode in single-compartment cells, avoiding the use of sacrificial anodes.
For the Ni(II)-catalysed cyclisation of 1a-1d we propose the mechanism reported in a previous publication. 
Conclusion
In conclusion, we report here the use of an environmentally friendly methodology in EtOH as an alternative for the catalytic electrochemical radical-type cyclisation of unsaturated -bromoethers to the corresponding substituted tetrahydrofurans in moderate to high yields.
This investigation provides for the first time examples of the feasibility of preparativescale organic electrosynthesis in "green" solvents in the absence of dissolving metals in a catalytic procedure. Moreover, the simplicity and ease of application of the electrochemical method -working at constant-current electrolysis, in a one-compartment cell, with no 
